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(54) CERAMIC MEMBER HAVING CLOSED SPHERICAL PORE AND ITS PRODUCTION 

(57)Abstract: 

PURPOSE: To produce a lightweight ceramic member 
having closed spherical pores uniformly distributed in the 

surface or interior, excellent in thermal shock and shock 7frl*t flfy- 

resistances and having impermeability and a low coefft. 1 2 



of friction. 

CONSTITUTION: Ceramic powder 1 such as alumina 
powder is mixed with a releasing agent and hollow glass 
beads to prepare a compacting material. This material is 
compacted in a prescribed shape and fired to produce 
the objective ceramic member having closed nearly 
spherical pores 2 uniformly dispersed in the structure. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A ceramic member for which it has an independent globular form stoma having mixed 

ceramic powder and hollow beads, and fabricating, and calcinating and forming this. 

[Claim 2]A ceramic member which has an independent globular form stoma characterized by 

coming to laminate the 1 st ceramic layer that has the independent globular form stoma which 

mixed ceramic powder and hollow beads, fabricated and calcinated, and was formed in this, and 

the 2nd ceramic layer that does not have an independent globular form stoma. 

[Claim 3]The 1st ceramic layer that has the independent globular form stoma which mixed 

ceramic powder and hollow beads, and was fabricated, and calcinated and formed in this, A 

ceramic member which has an independent globular form stoma having the 2nd ceramic layer 

that does not have an independent globular form stoma which covers the circu inference of this 

1st ceramic layer. 

[Claim 4]A ceramic member which has an independent globular form stoma of a description in 
any 1 clause of Claims 1-3 whose surface porosity a diameter of said independent globular form 
stoma is 5-150 micrometers, and is 3 to 28%. 

[Claim 5]A manufacturing method of a ceramic member which has an independent globular form 
stoma having a process of mixing ceramic powder and hollow beads and obtaining a molding 
material, a process of fabricating this molding material and acquiring a Plastic solid of prescribed 
shape, and the process of calcinating this Plastic solid. 

[Claim 6]A manufacturing method of a ceramic member which has an independent globular form 
stoma characterized by comprising the following. 

A process of mixing ceramic powder, hollow beads, and resin, and obtaining a molding material. 
A process of fabricating this molding material and acquiring a Plastic solid of prescribed shape. 
A process of calcinating this Plastic solid. 

[Claim 7]A manufacturing method of a ceramic member which has the independent globular form 
stoma according to claim 5 or 6 which consists of at least one sort chosen from a group which 
said hollow beads become from an oxide, carbide, a nitride, a boride, a conjugated compound, 
carbon, and an organic matter. 

[Claim 8]A manufacturing method of a ceramic member which has an independent globular form 
stoma of a description in any 1 clause of Claims 5-7 which use alumina powder as said ceramic 
powder, and use a milt balloon as said hollow beads. 

[Claim 9]A manufacturing method of a ceramic member which has an independent globular form 
stoma of a description in any 1 clause of Claims 5-7 which use silicon carbide powder as said 
ceramic powder, and use a carbon balloon as said hollow beads. 

[Claim 10]A manufacturing method of a ceramic member which has an independent globular form 
stoma of a description in any 1 clause of Claims 5-7 which use silicon nitride powder as said 
ceramic powder, and use a milt balloon as said hollow beads. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention about a ceramic member which has an independent stoma 
in the surface or an inside, and a manufacturing method for the same, It is related with a ceramic 
member which has an independent globular form stoma suitable as a structural-ceramics 
material used for the portion as which the ceramic sliding material of a non-pervious low friction 
coefficient, thermal shock resistance, and shock resistance are required, and a manufacturing 
method for the same. 
[0002] 

[Conventional technology and the issue which it is going to solve] Since what is called an owner 
stoma ceramic member that has a stoma (pore) in the surface or an inside is lightweight, and 
abrasion resistance is excellent and it can make a coefficient of friction small, it attracts 
attention as materials, such as a sliding part of mechanical seal, or a cylinder of a plunger pump. 
Conventionally, this kind of owner stoma ceramic member is manufactured by the method etc. 
which are shown below. 

[0003](D Add a little binding material to the 1st method point ** and ceramic powder, and 
fabricate with low pressure in the state fully with a stoma inside. Subsequently, this Plastic solid 
is heated and calcinated to prescribed temperature in a predetermined atmosphere. Thereby, the 
ceramic (owner stoma Ceramics Sub-Division) component of lower density can be obtained. 
[0004](2) Calcinate after mixing a little binding material and a lot of resin to the 2nd method 
point ** and ceramic powder and fabricating this with high voltage. Said resin serves as gas by 
this firing process, it disperses from a Plastic solid, and, as a result, a stoma is formed. Thus, the 
ceramic member of lower density can be obtained. 

[0005](3) Calcinate after mixing bead-like polystyrene resin to the 3rd method point ** and 
ceramic powder and fabricating this with high voltage. Said resin serves as gas by this firing 
process, it disperses from a Plastic solid, and, as a result, a stoma is formed. Thus, the ceramic 
member of lower density can be obtained. 

[0006]However, there is a problem shown below in the manufacturing method of the conventional 
owner stoma ceramic member mentioned above. 

[0007]That is, in a stoma, in the 1st and 2nd methods, distribution of a stoma all does not 
become uniform that it is easy in succession. When the ceramic member which the stoma 
followed is used for example, for the pump for fluids, a fluid may permeate a ceramic member and 
liquid leakage may occur. For this reason, the ceramic member which the stoma followed is 
unsuitable as a non-pervious sliding material. When a stoma continues, the problem of falling 
remarkably also has a mechanical strength of a ceramic member. It can also be considered as 
what is called an independent stoma to which a pore amount is lowered and that a stoma does 
not follow. However, by these 1st and 2nd methods, since the stoma formed in a grain boundary 
serves as polygonal shape, there is a problem that the intensity of a ceramic member will fall 
remarkably. That is, if the ceramic member which has a stoma of polygonal shape receives 
external force or heat stress, stress will concentrate on the corner of a stoma, this will be a 
starting point of destruction, and a ceramic member will be destroyed. It is set to one of the 
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causes by which dispersion in the mechanical properties of a ceramic member becomes it large 
that distribution of a stoma is uneven, and also becomes spoiling reliability. 
[0008]In the 3rd method, a lot of gas emitted with disassembly of resin becomes the cause of 
generating a crack inside a raw material, and said gas may react to oxygen in atmosphere, carbon 
monoxide may be generated, and sintering of Ceramics Sub-Division may be checked. 
[0009]As for the 1st purpose of this invention, the independent stoma is distributed uniformly. 
It is providing the ceramic member which has an independent globular form stoma suitable as a 
ceramic member for sliding of a non-pervious low friction coefficient. 

[0010]The 2nd purpose of this invention is lightweight, and its intensity is high, and it is providing 
the ceramic member which has the independent globular form stoma excellent in thermal shock 
resistance and shock resistance. 

[001 1]At the time of calcination, there are few yields of gas, and the 3rd purpose of this 
invention can avoid crack initiation, and the independent stoma is distributed uniformly. 
It is providing the manufacturing method of the ceramic member which has an independent 
globular form stoma suitable as a ceramic member for sliding of a non-pervious low friction 
coefficient. 

[0012]The yield of gas can avoid crack initiation few at the time of calcination, and the 4th 
purpose of this invention is lightweight, its intensity is high again, and it is providing the 
manufacturing method of the ceramic member which has the independent globular form stoma 
excellent in thermal shock resistance and shock resistance. 
[0013] 

[Means for solving problem]In this invention, in order to attain the above-mentioned purpose, a 
means to form an independent globular form stoma is adopted by mixing ceramic powder and 
hollow beads, and fabricating and calcinating this as the 1st invention. 

[0014]As the 2nd invention, ceramic powder and hollow beads are mixed and the composition by 
which the 1 st ceramic layer that has the independent globular form stoma fabricated, and 
calcinated and formed in this, and the 2nd ceramic layer that does not have an independent 
globular form stoma were laminated is adopted. 

[0015]As the 3rd invention, ceramic powder and hollow beads are mixed and the composition 
with which the 2nd ceramic layer that does not have an independent globular form stoma 
covered the circumference of the 1st ceramic layer that has the independent globular form 
stoma fabricated, and calcinated and formed in this is adopted. 

[0016]In the above 1st thru/or the 3rd invention, the range in which the range with a preferred 
diameter of said independent globular form stoma of 5-150 micrometers and surface porosity is 
preferred is 3 to 28%. 

[001 7]A means to form the ceramic member which has an independent globular form stoma is 
adopted by mixing ceramic powder and hollow beads, and calcinating by making i:his into a 
molding material, as the 4th invention, after fabricating this molding material. 
[001 8]A means to form the ceramic member which has an independent globular form stoma is 
adopted by considering it as the 5th invention, mixing ceramic powder, hollow beads, and resin, 
making this into a molding material, and calcinating, after fabricating this molding; material. 
[0019]In the 4th and 5th invention of the above, what consists of an oxide, carbide, a nitride, a 
boride, a conjugated compound, carbon, an organic matter, etc. can be used for hollow beads. For 
example, alumina powder can be used as said ceramic powder, and a milt balloon can be used as 
said hollow beads. Silicon carbide powder may be used as said ceramic powder, and a carbon 
balloon may be used as said hollow beads. Silicon nitride powder can be used as said ceramic 
powder, and a milt balloon can be used as said hollow beads. 
[0020] 

[Function]In order to mix the hollow beads which consist of one sort or two sorts or more of 
construction material, such as an oxide, carbide, a nitride, a boride, a conjugated compound, 
carbon, or an organic matter, to ceramic powder in this invention, Compared with the case where 
the resin beads which are not the conventional hollow are used, there is very lit;le cracked gas 
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produced in a firing process. For this reason, crack initiation to which the intensity of a ceramic 
member is reduced is avoidable. An independent globular form stoma can be uniformly distributed 
in a component by mixing hollow beads uniformly in ceramic powder beforehand. 
[0021]What is necessary is just to choose the construction material of hollow beads suitably 
according to the ingredient of the ceramic powder used as a matrix, etc., and according to this 
invention, the manufacture of a non-pervious ceramics material which uses various Ceramics 
Sub-Division, such as an oxide, carbide, or a nitride, as the main ingredients, and has an 
independent globular form stoma is possible for it. 

[0022]Hollow beads can be formed, for example like a bubble using the surface tension of 
material. If hollow beads are formed by such a method, a bead will become the form of a real ball 
mostly. If such hollow beads are used, the stoma formed into a ceramic member will also become 
a globular form mostly. Therefore, when stress is applied, it can avoid that stress concentrates 
on one point, and the rapid fall of the intensity of a ceramic member can be avoided. An effect 
as if it added the dispersing agent by mixing of hollow beads can be acquired, and the intensity of 
a ceramic member improves. 

[0023]By the way, to compression molding of Ceramics Sub-Division usually used depending on 
the construction material, hollow beads are weak in intensity and cannot be borne. In this case, 
calcinating is preferred, after adding optimum dose of resin and fabricating by the low-pressure 
power below the intensity of hollow beads. 

[0024]Although the substance called sintering assistant ** is usually added by ordinary pressure 
sintering of Ceramics Sub-Division, when using hollow beads like this invention, hollow beads can 
act as sintering assistant ** by adjusting a sintering condition. 

[0025]When the diameter of an independent globular form stoma is less than 5 micrometers, 
even if it enlarges surface porosity, the effect of reducing a coefficient of friction cannot fully be 
acquired. On the other hand, when the diameter of an independent globular form stoma exceeds 
150 micrometers, intensity falls. For this reason, as for the diameter of an independent globular 
form stoma, it is preferred to be referred to as 5-150 micrometers. However, when using this 
invention for a structural material, the improving strength effect is not enough in the diameter of 
an independent globular form stoma being less than 50 micrometers. Therefore, it is preferred 
that the diameter of an independent globular form stoma shall be 50-150 micrometers in this 
case. If the diameter of a stoma exceeds 50 micrometers when using this invention for 
mechanical seal, the fault that a sliding opponent's carbon enters in a stoma will occur. 
Therefore, as for the diameter of an independent globular form stoma, it is preferred to be 
referred to as 5-50 micrometers in this case. 

[0026]When a coefficient of friction cannot fully be reduced when the surface porosity of a 
ceramic member is less than 3% and it is used as a non-pervious sliding material, and it is 
considered as a structural material, the effect of improving a mechanical strength is not enough. 
On the other hand, when surface porosity exceeds 28%, and it is used as a non-pervious sliding 
material, it becomes difficult to secure sealing nature. For this reason, as for surface porosity, it 
is preferred to consider it as 3 to 28%. 

[0027]The ceramic member concerning this invention has a stoma in that surface or inside. 
In order that the gas in this stoma, etc. may act as thermal or mechanical shock absorbing 
material, thermal shock resistance and shock resistance are excellent. 

[0028] 

[Working example]Hereafter, working example of this invention is described. 
[0029](D working example 1, the comparative example 1, and the comparative example 2 — as 
working example 1 first to sinterable nature alumina powder 100 weight section whose mean 
particle diameter is 0.5 micrometer, Ten weight sections and mold lubricant (stearic acid) 1 
weight section were added for phenol resin, and also the hollow glass bead (mean particle 
diameter of 15 micrometers) was mixed by the amount part ****** of duplexs small kneader for 
2 to 3 hours, and the molding material was obtained. 

[0030]On the other hand, phenol resin and mold lubricant were added to alumina powder, this 
was mixed by the kneader as the comparative example 1. and the molding material was obtained. 
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[0031]Next, using the metallic mold heated at 180 **, each molding material of these working 
example 1 and the comparative example 1 was fabricated, and the Plastic solid was acquired. 
The compacting pressure at this time is 500kg/cm 2 . Subsequently, heat these F'lastic solids for 
2 hours, they were made to sinter at the temperature of 1600 ** in atmospheric air, and the 
ceramic member was obtained. 

[0032]The figure in which drawing 1 shows the organization of the ceramic member of working 
example 1, and drawing 2 are the figures showing the organization of the ceramic member of the 
comparative example 1 . The ceramic member of working example 1 has the organization which 
the almost spherical independent pore (stoma) 2 about 10-15 micrometers in diameter 
distributed almost uniformly in the alumina 1 which is a matrix so that clearly from d rawing 1 . 
Surface porosity was about 8%. 

The ceramic member of this working example 1 showed impermeability to the fluid. 

[0033]On the other hand, in the ceramic member of the comparative example 1, the remarkable 

crack 3 had occurred inside so that clearly from drawing 2. 

[0034]Next, the ceramic member of above-mentioned working example 1 was used as hard 
material of mechanical seal, the carbon seal was used as an other party sliding material, and the 
relation between number of rotations and sliding torque was investigated. The component which 
consists of Ceramics Sub-Division whose alumina purity is 99% was used as hard material of 
mechanical seal as the comparative example 2, the carbon seal was used as an other party 
sliding material, and the relation between number of rotations and sliding torque was 
investigated. These results are shown in d rawing 3 . However, tap water is used as sealing liquid, 
the degree of solution temperature is 90 **, and fluid pressure power is air release. 
[0035]In working example 1 , between 0 - 2000r.p.m, sliding torque was as low as about 0.4 kg- 
cm, and its number of rotations was stable so that clearly from this drawing 3 . Generating of the 
allophone which poses a problem with mechanical seal was not accepted, either. The sliding 
torque in especially low number of rotations was [ in / on the other hand / the comparative 
example 2 ] large. 

[0036]Sliding torque cannot be lowered even if it enlarges surface porosity, when the diameter of 
hollow beads is less than 5 micrometers in this working example, Conversely, when the diameter 
of hollow beads exceeded 50 micrometers, the carbon sliding material which is t he other party 
sliding material entered into the pore, the lubrication effect fell, and it was not desirable. For this 
reason, as for the diameter of hollow beads, it is preferred to be referred to as 5-50 
micrometers. 

[0037]Also when surface porosity was less than 3%, the effect of lowering sliding torque was not 
enough, and airtight maintenance was difficult when surface porosity exceeded 28%. For this 
reason, as for surface porosity, it is preferred to consider it as 3 to 28%. 

[0038]In ordinary pressure sintering, hollow beads can act as sintering assistant ** by adjusting 
a sintering condition like this working example. Being able to form hollow beads, for example like 
a bubble using the surface tension of material, the hollow beads formed by doing in this way 
become almost spherical form. And when hollow beads consist of material which carries out 
volatilization scattering at the time of calcination, it is preferred for the thickness of hollow 
beads to be thin, and it to be preferred that there are few yields of gas at the time of calcination, 
for example, to make thickness of hollow beads thin with 10 micrometers or less from a 
viewpoint of crack prevention and the prevention from sintering inhibition. What is necessary is 
just to calcinate, after adding resin with a small amount of lubricant and fabricating by the low- 
pressure power below the intensity of hollow beads, when the intensity of hollow beads is low to 
compression molding of Ceramics Sub-Division. 

[0039](2) As opposed to SiC-powder 100 weight section whose mean particle diameter is 3.0 
micrometers as working example 2 and comparative example 3 working example 2, adding 15 
weight sections and one weight section of mold lubricant (stearic acid) for phenol resin — a 
hollow carbon bead (particle diameter of 50 micrometers or less) — the amount part ****** of 
duplexs — this was mixed by the small kneader for 2 to 3 hours, and the molding material was 
obtained. 
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[0040]On the other hand, the molding material was obtained like working example 2 as the 
comparative example 3 except the ability not to enter a hollow carbon bead. 
[0041]Next, after fabricating these molding materials with the compacting pressure of 500 
kg/cm 2 using the metallic mold heated at 180 **, it heated for 2 hours at the temperature of 
1600 **, reaction sintering to which metal silicon (Si) and carbon are made to react was 
performed, and the ceramic member was obtained. And the organization of the se ceramic 
members was questioned. 

[0042]The figure in which drawing 4 shows the organization of working example 2 (hollow carbon 
bead combination SiC sintered compact), and drawin g 5 are the figures showing the organization 
of the comparative example 3 (SiC sintered compact). In the ceramic member of working 
example 2, almost spherical pore 2 and metal Si5 is distributing almost uniformly in SiC4 as a 
matrix so that clearly from this drawing 4. That is, in working example 2, a carbon bead SiC-izes 
and forms the spherical pore 2 which became independent during the organization. On the other 
hand, by the comparative example 3, although metal Si5 and the carbon 6 are distributed in SiC4 
as a matrix, the pore does not exist, so that clearly from drawing 5. 

[0043]Next, the bearing shown in d rawing 6 using the ceramic member of working example 2 was 
manufactured, underwater torque was measured, and the coefficient of friction mu of the bearing 
was calculated. That is, the bearings 1 1 and 12 of two sheets of the shape of a thin plate ring 
which consists of a ceramic member of working example 2 (thrust block) have been arranged 
between the fixed side retainer 13 and the rotation side retainer 14. The fixed side retainer 13 is 
being fixed to the holding part 16 when the pin 15 for immobilization fits into the hole prepared 
for the both sides of the retainer 13 and the holding part 16. The rotation side retainer 14 is 
being fixed to the axis of rotation 18 by the pin 17 for immobilization. The axis-of-rotation 
insertion hole 14a of the rotation side retainer 14 is set up almost equally to the path of the axis 
of rotation 18. The axis-of-rotation insertion hole 13a of the fixed side retainer 13 is greatly set 
up a little rather than the path of the axis of rotation 18. And if the axis of rotation 18 rotates, it 
will rotate, the thrust block 12 sliding on the thrust block 11. 

[0044]Uke ****, the bearings 11 and 12 have been arranged between the retainers 13 and 14, 
the axis of rotation 18 was rotated, torque Measurement Division was performed, and the 
coefficient of friction mu of the bearing was calculated. However, the number of rotations of the 
axis of rotation 18 at the time of torque Measurement Division uses 6000r.p.m, load uses 
50kg/cm 2 , liquid uses tap water, and solution temperature is 90 **. As a result, the coefficient of 
friction mu of this bearing was stable in 0.01 and a low value. Since a pore exists in the surface 
of each sliding surface of the thrust blocks 1 1 and 12, liquid membrane is easily formed between 
the sliding surfaces of the thrust blocks 11 and 12, and this is considered for this liquid 
membrane to act as lubricant. 

[0045]In this working example, in the diameter of the stoma, a liquid did not go into a pore in less 
than 5 micrometers, and the effect of lowering a coefficient of friction was not fully acquired. 
When the diameter of a stoma exceeded 1 50 micrometers, it was not desirable from the intensity 
of a raw material beginning to fall. When surface porosity was less than 3%, ther«3 were few 
effects of lowering a coefficient of friction, and when exceeding 28%, sealing nature had a 
difficulty. For this reason, it is preferred for the diameter of the stoma of a ceramic member to 
be 5-150 micrometers, and to make surface porosity into 3 to 28%. 

[0046](3) As opposed to SiC-powder 100 weight section whose working example 3 mean particle 
diameter is 0.5 micrometer, After having added 0.5 weight sections for B 4 C powder, and having 
added 3.0 weight sections and 3.0 weight sections of polyvinyl alcohol for carbon black powder, 
and also adding water and carrying out ball mill mixing (2 hours), this ball mill mixing slurry was 
spray-dried, and the molding material A was obtained. 

[0047]The amount part addition of duplexs of the hollow polystyrene beads whose mean particle 
diameter is 100 micrometers further was carried out, spray dry granulation of this was carried 
out to the ball mill mixing slurry created by the same combination as the above, and the molding 
material B was obtained. 

[0048]And it carried out as the metallic mold was filled up with the molding material A, and then 
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it was filled up with the molding material B and also it was filled up with the molding material A, 
and it was filled up with the molding materials A and B by turns. Then, compression molding of 
the pressure of 1 ,5 t [/ cm ] was impressed and carried out to the layered product of these 
molding materials A and B, and as shown in d rawin g 7, the 2nd layer 22 that consists of the 1st 
layer 21 and molding material B that consist of the molding material A acquired multilayer Plastic 
solid 20 which it comes to laminate by turns. The thickness t of the 1st layer 21 and the 2nd 
layer 22 is all about 1 mm. 

[0049]Heat this Plastic solid for 2 hours, it was made to sinter at the temperature of 2050 ** in 
Ar gas atmosphere, and the structural-ceramics component which consists of a layered product 
of the 1st ceramic layer that has an independent globular form stoma, and the 2nd ceramic layer 
that does not have an independent globular form stoma was obtained. 

[0050]Thus, the fracture toughness value (K1c) was measured by the method according to JIS R 
1607 (1981) to the obtained ceramic member. As a result, the measured value K1c of the 
fracture toughness value of this structural-ceramics component is measured value K1c=4.2, and 
showed the high value compared with the silicon carbide sintered compact (Klc=2.2-4.1) which 
is the conventional structural-ceramics component. 

[0051]Next, the fixture for hot forging for heat resisting steel in which it comes to laminate the 
1 st ceramic layer that has an independent globular form stoma by an above-mentioned method, 
and the 2nd ceramic layer that does not have an independent globular form stoma was 
manufactured. And forging temperature carried out 1 100 **, impulse force forged of the 
conditions of 300 kg-f/cm 2 , and durable performance was investigated. As a result, even if this 
fixture for hot forging went through 2000 shots, damage was not accepted at all. 
[0052]ln this working example, when the diameter of hollow beads was less than 50 micrometers, 
there were few effects of raising K1c, and when a diameter exceeded 150 micrometers, the fall 
of raw material intensity was caused. When surface porosity was less than 3%, there were few 
effects of improving K1c, when surface porosity exceeded 25%, the fall of raw material intensity 
was caused, and it was not desirable. For this reason, it is preferred for the diameter of hollow 
beads to be 50-150 micrometers, and to make surface porosity into 3 to 25%. 
[0053]Although the ceramic member which comes to laminate the 1st ceramic layer that has an 
independent globular form stoma in above-mentioned working example, and the 2nd ceramic 
layer that does not have an independent globular form stoma was explained, As well as above- 
mentioned working example when the circumference of the 1st ceramic layer that has an 
independent globular form stoma was covered with the 2nd ceramic layer that does not have a 
stoma, the light weight and the structural-ceramics component of high intensity were able to be 
obtained. 

[0054](4) As opposed to Si 3 N 4 powder 100 weight section whose working examp e 4 mean 
particle diameter is 2.0 micrometers, a hollow glass bead [ mix / Y 2 0 3 powder / 5.0 weight 
sections and 20 weight sections of polystyrene for 5.0 weight sections and aluminum 2 0 3 powder, 
and also ] (milt balloon) 50-150 micrometers in diameter — 3 weight-section ****** — this was 
mixed by the small kneader and the molding material was obtained. Then, this melding material 
was heated and injection molded at 150 **, and the Plastic solid of the tubed cylinder form 
which both ends released was acquired. 

[0055]Next, primary sintering was performed by heating this Plastic solid at the temperature of 
1700 ** in a nitrogen gas atmosphere for 4 hours. Then, this primary sintered compact was 
heated at 1850 **, and HIP (hydrostatic pressure between heat) processing which impresses the 
pressure of 1000 kg/cm 2 for 2 hours was performed. Subsequently, grinding finish of this 
sintered compact was carried out, and the tubed cylinder was obtained. 

[0056]Thus, inserted the piston inside the manufactured cylinder, the piston was made to move 
reciprocately to the shaft orientations, and operating resistance was measured. 
[0057]Drawing 8 is a sectional view showing the measuring method of operating resistance. The 
cylinder 23 manufactured by the above-mentioned method leveled the shaft orientations, and it 
has arranged them so that the end side may contact the small load cell 26. This load cell 26 is 
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being fixed to the holding part 29, and the cylinder 23 is positioned with the bolt 28a, and is 
supported by the supporter 25 so that there may be no crevice between the load cells 26. And 
by inserting the standard piston (construction material: silicon nitride) 24 for an inspection 
connected with the driving shaft 27 with the bolt 28b inside the cylinder 23, and making the 
driving shaft 27 move reciprocately to an axial direction with a drive (not shown), The axial 
direction was made to carry out reciprocation moving of the fixed interval for the piston 24 with 
the degree of constant speed in an oil. And from the output of the load cell 26, load was 
measured and operating resistance was obtained after this. 

[0058]Thus, as a result of measuring operating resistance, the cylinder of this working example 
has checked that operating resistance decreased about 20% compared with the cylinder made 
from the conventional ordinary pressure sintering silicon nitride. 

[0059]In this working example, when a pore diameter is less than 5 micrometers, in order that a 
fluid might not infiltrate into a pore, when the effect of lowering a coefficient of friction was not 
fully able to be acquired but a pore diameter exceeded 1 50 micrometers, it was not desirable 
from the intensity of a raw material beginning to fall. When surface porosity was less than 3%, the 
effect of lowering a coefficient of friction was not enough, when surface porosity exceeded 28%, 
there were many outflows of a fluid, and the durability of the effect was bad. For this reason, it is 
preferred for a pore diameter to be 5-150 micrometers, and to make surface pcrosity into 3 to 
28%. 
[0060] 

[Effect of the Invention]As mentioned above, by this invention, hollow beads are mixed to 

ceramic powder and the stoma is formed by fabricating and calcinating this. 

Therefore, a stoma does not continue but osmosis of a liquid can be avoided. 

In order that a liquid may enter into a surface stoma and this may act as lubricant, a coefficient 

of friction becomes small. Therefore, the ceramic member concerning this invention is extremely 

suitable as an unpermeated sliding material. 

[0061]Since the ceramic member concerning this invention has a stoma, it is lightweight, and 
thermal shock resistance is excellent. And since said stoma is a globular form mostly, when 
stress is impressed, it can avoid that stress concentrates on one point. For this reason, the 
mechanical strength of the ceramic member concerning this invention is also high. 
[0062]According to the manufacturing method of the ceramic member concerning this invention, 
since ceramic powder and hollow beads are mixed and this is fabricated and calcinated, an 
almost spherical independent stoma can manufacture easily the ceramic member distributed 
uniformly. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not 'effect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1 ]It is a figure showing the organization of the ceramic member of working example 1 of 
this invention. 

[DrawingjQlt is a figure showing the organization of the ceramic member of the comparative 
example 1. 

[Drawing 3]It is a figure showing the relation between number of rotations and sliding torque. 
[Drawing 4]lt is a figure showing the organization of the ceramic member of wor king example 2 of 
this invention. 

[D rawing _5]It is a figure showing the organization of the ceramic member of the comparative 
example 3. 

[Drawingj6]It is a sectional view showing the bearing manufactured using the ceramic member of 
working example 2. 

[Drawing 7]It is a perspective view showing a multilayer Plastic solid. 

[Drayying_8llt is a sectional view showing the measuring method of operating resistance. 

[Explanations of letters or numerals] 

1 .... Alumina 

2 .... Pore 

3 .... Crack 

4 .... SiC 

5 .... Metal Si 

6 .... Carbon 

11,12 .... Thrust block 

13, 14 .... Retainer 

15, 17 .... Pin for immobilization 

16 .... Holding part 

18 .... Axis of rotation 

20 .... Multilayer Plastic solid 

21 .... The 1st layer 

22 .... The 2nd layer 

23 .... Cylinder 

24 .... Piston 

25 .... Supporter 

26 .... Load cell 

27 .... Driving shaft 

28a, 28b Bolt 

29 .... Holding part 



[Translation done.] 
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